Extensive research has been conducted on the role of glucocorticoids in regulating growth, mobilizing energy, responding to stressors and modulating learning and memory. However, little is known about the production of corticoids during early development in free-living animals, particularly during sensitive periods of acquisition of important behaviors. In a four-year study of Belding's ground squirrels, Spermophilus beldingi, a non-invasive assay of glucocorticoids was used to quantify age and population differences among juveniles from three California locations. Fecal-cortisol metabolites are elevated during a short period when juveniles first emerge aboveground from their natal burrows at about 4 weeks of age. This period of cortisol elevation coincides with when young are learning survival behaviors such as anti-predator responses and foraging strategies. Population differences in juvenile cortisol levels, which may reflect local variation in habitat quality and predator environments, were not evident until 2 weeks after emergence. Elevated cortisol at the age of emergence was also observed in juveniles born and reared in captivity without exposure to typical stressors that occur around the age of emergence. These results indicate that corticoids are regulated during early development, and the possible functions of age-related corticoid levels are discussed, including mobilization of glucose for natal emergence and later facilitation of growth and energy storage during the short summer before hibernation. In some species, elevated corticoids can also facilitate learning and memory, and current work is exploring whether the higher cortisol observed in all three S. beldingi populations just after emergence function to promote rapid acquisition of survival behaviors.
Introduction
Adrenal hormones regulate many facets of homeostasis, including responses to unpredictable environmental perturbations. Adrenal glucocorticoids regulate energy mobilization and storage and circadian rhythms, and they protect the body during and after the stress response, defined as the cumulative physiological reactions triggered by unpredictable events. Stressor-induced functions of glucocorticoids include increasing available glucose, improving cardiovascular tone, and inhibiting gastrointestinal, reproductive and immune systems. The related cascade of hormones through the blood, known as the hypothalamic-pituitary-adrenal (HPA) axis, is activated by a wide variety of environmental and social stressors, in particular exposure to novelty and lack of predictability of or control over important events (for reviews see Sapolsky, 1992; Apanius, 1998; Wingfield et al., 1998; Koolhaas et al., 1999) .
The field of behavioral ecology is increasingly integrating proximate and ultimate levels of analysis, including investigations of how stressors faced by free-living animals affect physiology and reproductive success. Acute stress responses are triggered by unpredictable events such as predator attacks, sudden severe weather or agonistic social interactions, whereas chronic stress stems from long-term adverse environmental conditions, such as unpredictable decreased food supply or either low or high social status (e.g. Morton and Sherman, 1978; Kotrschal et al., 1998; Lima, 1998; Cavigelli, 1999; Hubbs et al., 2000; Creel, 2001; Goymann et al., 2001; Abbott et al., 2003; Sands and Creel, 2004) . Both types of stress can directly influence survival and reproduction (reviewed in Buchanan, 2000; Wingfield, 2004 ; see also Jennings et al., 2004; Boonstra, 2005; Spencer et al., 2005 ), yet surprisingly very little is known about the activity of glucocorticoids and the HPA axis in early development.
Glucocorticoids can modulate the acquisition and retrieval of new memories (reviewed in McEwen and Sapolsky, 1995; Lupien and McEwen, 1997; McGaugh, 2000) . Despite extensive research on the effects of glucocorticoids on cognition in humans and laboratory rodents, we know little about how these hormones influence biologically relevant learning in natural contexts. Belding's ground squirrels (Spermophilus beldingi) provide an ideal opportunity for studying the effects of stress on learning during early development, because much is known about the sources of stress young animals can encounter. S. beldingi are preyed upon by aerial and terrestrial predators which are signaled by whistle and trill alarm calls, respectively, each of which elicits a specific evasive response by listeners (Sherman, 1985; Mateo, 1996) . Juvenile S. beldingi learn to respond appropriately to these two alarm calls during the first 5 days after initial emergence from natal burrows. This rapid learning of appropriate responses is important because up to 30% of juveniles disappear during the first 2 weeks after emerging aboveground at about 1-month of age, presumably due to predation (Mateo, 1996) . Predation can account for up to 60% of juvenile S. beldingi mortality (Sherman and Morton, 1984;  personal observation) and overwinter survival in some ground squirrels depends on the accumulation of body fat prior to hibernation (Murie and Boag, 1984) , thus creating a trade-off between foraging and vigilance (see also Bachman, 1993) . In addition to threats from predators, newly emergent juveniles are vulnerable to infanticide by adults and are in the process of becoming nutritionally independent (Sherman, 1982; Mateo, 1996) .
Learning of appropriate anti-predator behaviors thus occurs during a time of considerable potential stress from predators, infanticidal conspecifics, late-season snowstorms and declining food availability. Here I report on developmental patterns of cortisol secretion in free-living juveniles which might facilitate or inhibit learning of behaviors appropriate to local predator environments. No systematic studies of juvenile glucocorticoids across early development have been conducted for sciurids. Levels of free cortisol are similar in male and female Arctic ground squirrel juveniles (S. parryii; ages unknown), but are lower than those of adult males (Boonstra et al., 2001) . In yellow-pine chipmunks (Tamias amoenus), juvenile (above ground for 4-6 weeks) cortisol and corticosterone levels are indistinguishable from adult levels Place and Kenagy, 2000) . For Belding's ground squirrels, Morton et al. (1974) reported that juvenile (young-of-the-year) adrenal glands enlarge shortly before hibernation (when animals rapidly accumulate body fat), yet McKeever (1963) did not detect any increase in gland weights at this time. Nunes et al. (2002) found that acute corticosterone responses by juvenile S. beldingi are higher a month after emergence compared with the second month aboveground, when young are beginning to gain weight for hibernation. It is likely that basal glucocorticoids of juvenile S. beldingi change across development, for example increasing to mobilize energy for emergence or dispersal and decreasing to facilitate body growth (Sapolsky, 1992) .
Using a non-invasive fecal hormone sampling procedure, I characterized basal levels of cortisol in juveniles during the initial weeks after natal emergence. I studied juveniles from three locations in California which vary in habitat, visual openness, predator types and anti-predator responses by adults (J.M. Mateo, unpublished data) to determine if juvenile corticoid levels also vary by population as well as by age. In addition, any age-related changes in cortisol could simply be due to stressors experienced by all young, independent of their particular population, such as exposure to novel visual, olfactory and auditory stimuli when first emerging aboveground (Mateo, 1996) . I therefore monitored developmental variation in cortisol in captive-born laboratory-housed juveniles which experienced no changes in their exposure to stimuli or in their physical or social environments around the age of emergence.
Methods

Animals and study sites
Belding's ground squirrels are group-living, burrowing rodents found in alpine and subalpine regions of the western United States (Jenkins and Eshelman, 1984) . They are socially active above ground between April and August and hibernate the remainder of the year. Each adult female produces one litter annually of 5-8 pups, which is reared for about a month in an underground burrow (the natal burrow). Young first come above ground (emerge) as nearly weaned, 4-week old juveniles. About 1 month after natal emergence, juvenile females establish their own burrow system within 25 m of their natal burrow, whereas juvenile males begin to disperse permanently from their birthplace (Holekamp, 1984) . Females live an average of 3.4 ± 0.3 years (up to 12 years); males live 2.5 ± 0.4 years (up to 9 years; Sherman and Morton, 1984; personal observation) . The research reported here adheres to standards set forth by the NIH for animal research.
Free-living animals
Field research was conducted during the summers of 2002-2005 at three sites in the eastern Sierra within 100 km of Mammoth Lakes, CA, USA. The Mono County Park site (elevation 1966 m) is characterized by large, irrigated lawns bordered by willow bushes (Salix spp.) and a stream lined with willow trees and cottonwood trees (Populus spp.). Due to regular mowing the vegetation height was never higher than 5 cm. The Lundy Canyon site (2316 m) is a visually closed collection of campsites closely surrounded by aspen trees (Populus tremuloides) and tall grasses, with some mixed brush (Artemisia, Purshia and Chrysothamnus spp.) along the north edge. Depending on the time of summer, the grasses and bushes (which were not managed) near burrow entrances ranged from 3 cm to ∼ 70 cm, and were typically >40 cm high at natal emergence. The Rock Creek Canyon site (Lower Horse Corral; 2834 m) is a typical eastern Sierra subalpine meadow, bounded by Rock Creek, dry streambeds and scattered willow bushes and aspen and pine trees (Pinus spp.). The main meadow's vegetation ranged from 1 cm at the beginning and end of the active season to 15 cm high at the peak of wildflower growth. Adults at Lundy Canyon spend more time vigilant and less time feeding than those at Rock Creek or Mono Co. Park. Lundy Canyon adults spend more time alert and exhibit more vigilant responses after hearing alarm calls. Adults at Lundy Canyon also have lower fecal corticoid levels than those at Mono Co. Park and Rock Creek (J.M. Mateo, unpublished. data) .
To characterize changes in basal cortisol of free-living juveniles, feces were collected from S. beldingi at the three sites when juveniles first emerged aboveground and again approximately 2 weeks later (Table 1) . Data collection was more intensive at Rock Creek, where individually marked juveniles were sampled approximately weekly (for 10-40 days, depending on the length of my field season). Each collection period (here called 'rounds') lasted 2-3 days. Because of other ongoing studies, I was unable to return to Lundy Canyon for a second round of sampling in 2002. In addition, only five juveniles were sampled there in 2005 due to low population density, and thus those data were not included in analyses. After their first fecal sample was collected, juveniles at Rock Creek were marked individually with ear tags (one on each ear; National Band and Tag Co.; Newport, KY USA) or intrascapular PIT tags (Biomark Inc., Boise, ID, USA). Due to time constraints of other studies, juveniles at Mono Co. Park and Lundy Canyon were only individually marked with ear tags in 2005. However, in all years at all sites we clipped some hair from the dorsal region of all animals that were trapped, and thus we were able to avoid sampling animals which had been trapped earlier during that round. Therefore, the analyses did not include samples with artificially elevated corticoid levels due to the stress of trapping and handling, nor did it include multiple samples from an individual within a round. After marking, juveniles were weighed to the nearest gram (in a 2 L drinking pitcher, with pour tab removed, placed on a portable Ohaus balance) and then released at their site of capture. Some juveniles were sampled in more than one round. Of the individually marked S. beldingi, across the years 23-46% of juveniles at Rock Creek sampled in Round 1 were also sampled in Round 2, and 28% of Mono Co. Park juveniles sampled in Round 1 in 2005 were also sampled in Round 2.
Captive animals
To determine whether there are developmental changes in glucocorticoids in animals experiencing a constant environment, I studied animals born and reared in captivity in 2003. This research was conducted at the Sierra Nevada Aquatic Research Laboratory (SNARL; University of California Natural Reserve System, near Mammoth Lakes, CA, USA). Pregnant females were live-trapped and housed in a laboratory building at SNARL where they gave birth and reared their young. Each mother and her litter were housed in a nestbox inside a larger cage (details in Mateo and Holmes, 1997) . I measured the corticoids of 17 male and 18 female juveniles from 9 litters born to mothers collected at Mono County Park and Lundy Canyon. Sampling occurred once every 3 days, starting at 26 days of age, the approximate age at which juveniles would normally emerge aboveground, and continued for 2 weeks until the age at which alarm-call responses are well formed (Mateo, 1996) . Juveniles were individually marked with ear tags. Because of the conclusion of my field season, I was not able to sample some laterborn litters at all six time points. Juveniles excreted insufficient feces at earlier ages for analysis. At the end of the studies, animals were released at the mother's point of capture. Survival rates of previously captive animals match those of freeliving animals observed in my mark-release studies (unpublished data). Adult females typically regain their territories after returning to their site of capture. Anti-predator behaviors of juveniles born in captivity and released within a couple of months are qualitatively similar to those of field-reared juveniles (Mateo and Holmes, 1999b ). In addition, the feeding regimen of captive animals results in higher body weights than those of same-aged, free-living animals, increasing the chances of released juveniles surviving their first hibernation (60% of field-born juveniles do not survive the winter, probably due to insufficient body-fat reserves; Sherman and Morton, 1984 ; personal observation).
Fecal sampling
I used a non-invasive fecal measure of cortisol, which in adults provides an integrated measure of basal corticoids over the previous 6-12 hr (rather than serum values which would reflect acute responses related to the immediate stress of trapping and handling). Ground squirrels typically defecate while in traps (single-door live traps; Tomahawk Co., Tomahawk, WI, USA) and the fecal pellets fall into the vegetation below the traps. Therefore, for free-living juveniles, within 5 min of an animal trapping itself the trap was moved aside and In some cases (<5% of samples) animals were held with a gloved hand and their ano-genital area softly massaged until they defecated. All animals were weighed after fecal collection. Tweezers and buckets were cleaned between samples with 70% isopropyl alcohol and at the end of the day with Cide-All® germicidal detergent (Chemifax; Santa Fe Springs, CA). Feces contaminated with urine (visibly wet and/or in a pool of urine) were discarded (see Cavigelli et al., 2005 for information on how urine can alter fecal corticoid levels). Samples were eliminated from the analysis if animals had been trapped or handled during the previous 48 h, because fecal corticoids would still be elevated from any stress of that trapping and handling (Mateo and Cavigelli, 2005) . Although in adults fecal metabolites represent an average of circulating hormones during a 6-12 h period prior to defecation (based on ACTH and dexamethasone challenges), circadian variation is still present ; unpublished data) and therefore it is necessary to collect samples at a consistent time of day. Field collections were limited to 0800-1200 h and because of fieldwork in the morning, all fecal collections from captive juveniles occurred between 1500 and 1800 h. Samples were stored immediately at − 15°C and then transferred to − 80°C at the end of the field season (4-6 weeks later).
Fecal cortisol metabolite assays
Fecal-corticoid metabolites were measured following the methods outlined in Mateo and Cavigelli (2005) . Samples were thawed and placed in a drying oven (95°C) for 4-6 h to evaporate the water. For each sample, dried fecal pellets were crushed and mixed together, after which 0.2 g was weighed into a Levels were significantly higher in Round 1, which includes samples collected during the first 5 days after natal emergence, compared with subsequent rounds, when sampling occurred approximately every 2 weeks (see Fig. 2 ). At Rock Creek in 2002 and 2004, juveniles were sampled once a week thereafter, and Bonferroni pairwise comparisons were used for post hoc analyses (Ps < 0.01). Lines over columns indicate significant population differences within an age group based on Bonferroni pairwise comparisons for significant ANOVAs (*P < 0.05; **P < 0.01). See Tables 2 and 3 for ANOVA results. Fig. 2 for identification of significant differences between populations.
microcentrifuge tube. Next, 1.5 mL of 80% ethanol was added to each tube, which was briefly vortexed (∼ 3 s) and immediately centrifuged (2500×g, 20 min). Supernatants were reserved and frozen (− 80°C) until assayed. Samples were assayed with cortisol solid phase component system 125 I-cortisol Corticote® radioimmunoassay kits (MP Biomedicals, Irvine, CA; S. beldingi produce both corticosterone and cortisol, but cortisol is the predominant circulating glucocorticoid; Mateo and Cavigelli, 2005) and were assayed in duplicate and re-analyzed if the coefficient of variation between duplicates exceeded 20%. The sensitivity of the assay is 0.07 μg/dL, according to the manufacturer. Two control samples, each made by pooling fecal extracts from 5 animals, were analyzed in every assay (the 'low' pool, approximately 60-70% binding and the 'high' pool, approximately 20-30% binding). Based on repeated analyses (n = 50 assays using 9 different batches of each pool) of the low and high pools, mean intra-and interassay coefficients of variation for the assays were 9.08% and 11.12%, respectively, for the low pool and 6.19% and 10.90% for the high pool. Fecal corticoid concentrations were divided by the proportion of isotope recoveries, and are expressed as ng/g of dried feces. Cortisol data were log-transformed for normality, and distributions were verified with Kolmogorov-Smirnov tests. Extracted samples were assayed after varying periods in deep storage after extraction (− 80°C; 0.25 to 2.5 years), and it is unknown whether S. beldingi metabolites degrade during long-term storage (e.g. Khan et al., 2002; Beehner and Whitten, 2004) . However, the 2004 and 2005 samples were assayed within 2 months of extraction, so statistical comparisons were made between those years.
Results
Free-living juveniles
Fecal corticoid levels of juveniles at Rock Creek, which were measured weekly, were high after natal emergence and decreased significantly over time (Fig. 1) . Specifically, when data were pooled into 5-day categories, cortisol levels during the first five days after emergence were 1.3-2.1 times higher than subsequent days (see Rock Creek data in Table 2 ; Fig. 2 ). To determine whether elevated corticoids at natal emergence occurred at other populations, I also sampled juveniles from Mono Co. Park and Lundy Canyon. In all populations, cortisol levels were higher in juveniles sampled during the first several days after natal emergence compared with 2 weeks later (Round 1 versus Round 2; see Table 2 ; Fig. 2 ). The data in Figs. 1 and 2 include values from juveniles sampled in more than one round. When the analysis is restricted to juveniles with known identities who were sampled twice, cortisol metabolites also declined significantly from Round 1 to Round 2 (two-tailed paired t test on data pooled across years, t 88 = 9.66, P < 0.0001).
If cortisol levels reflect individuals' reactions to stressors, then animals living in sites where adults perceive high predation risk (e.g. Lundy Canyon) might have different cortisol profiles than those living in low predation-pressure sites. Yet there were no differences in fecal cortisol just after natal emergence (Round 1, Table 3 ). Significant population differences in corticoids were not evident until young had been aboveground for 2 weeks (Round 2, Table 3 ; Fig. 2 ). Fecal-corticoid levels were higher in 2004 than in 2005 during Round 1 at Rock Creek (F 1,79 = 9.17, P = 0.003) and during Round 2 at Mono Co. Park (F 1,69 = 16.57, P < 0.0001). There were no significant litter or sex differences in fecal-cortisol levels within age groups or within populations (all Ps > 0.50).
Captive juveniles
As was observed in free-living juveniles, fecal corticoids of captive-reared young were significantly higher at 26-28 days, the age at which juveniles would emerge in the field, compared with all subsequent ages (12 juveniles sampled at each time point F 5,55 = 9.41, P < 0.0001, Fig. 3 ; 35 juveniles sampled at the first two time points F 1,35 = 36.17, P < 0.0001; 603.07 ng/g + 59.78 and 329.03 ng/g + 31.04, respectively). No significant litter, population or sex differences were observed (all Ps > 0.50).
Discussion
Juvenile S. beldingi exhibit age-related changes in fecal corticoids after they emerge aboveground from their natal burrows for the first time at about 4 weeks of age. Specifically, corticoid levels are elevated during the first 5 days after emergence compared with subsequent days (Figs. 1  and 2 ). During these initial days, juveniles are learning important survival strategies, including new diets, antipredator responses and the locations of escape burrows in their mother's territory. Learning whether and how to respond to alarm and non-alarm calls occurs quickly during these first 5 days, whereas during the following month their behaviors are fine-tuned but do not change qualitatively (Mateo, 1996) . The elevated cortisol observed at emergence might facilitate acquisition of anti-predator behaviors (Lupien and McEwen, 1997) . Indeed, moderately elevated cortisol significantly improves associative and spatial learning in captive juvenile S. beldingi (unpublished data).
Knowledge of glucocorticoid profiles across development is essential for understanding how stressors can influence young animals' behaviors, especially those related to survival. To date, most research on adrenal effects on behavioral and physiological development has used captive animals which can be repeatedly bled. For example, corticosterone levels of young laboratory rats (Rattus norvegicus) increase to adult levels by the age of weaning after a stress hyporesponsive period shortly after birth when levels are extremely low (Henning, 1978; Sapolsky and Meaney, 1986) . Corticosterone levels of captive American kestrel (Falco sparverius) nestlings increase from very low baseline after hatching to adult levels by 22 days of age (Love et al., 2003) . Similarly, corticosterone is significantly elevated during the fledgling period in captive canaries (Serinus canaria), compared with nestling and adult levels (Schwabl, 1999) . Humans (Homo Fig. 3 . Unadjusted mean fecal corticoids (ng/g dried feces + SEM) of 12 captiveborn juvenile S. beldingi. Different letters inside columns indicate significant age differences based on a repeated-measures ANOVA of log-transformed data.
sapiens) also show changes in glucocorticoids as a function of developmental transitions, with cortisol elevated during the first 15 days after birth, and remaining low until puberty (Elmlinger et al., 2002) . Little is known about HPA development and adrenal activity in free-living animals across early development, although recently developed protocols for non-invasive monitoring of glucocorticoids make repeated sampling of animals in the field more practical. In wild baboons (Papio cynocephalus), fecal corticoids remain fairly constant during the juvenile period, with female but not male levels decreasing in the year prior to sexual maturation. This sex difference might reflect differences in social development since female rank is largely stable by this age (Gesquiere et al., 2005) . Frigerio et al. (2001) studied fecal corticosterone of hand-reared, unrestrained greylag geese (Anser anser) from hatching until fledging. Corticoids declined during the first 20 days, and remained low for the remainder of the period. The authors suggest that elevated levels after hatching promote imprinting, and that lower levels later facilitate body growth. A similar mechanism might operate in S. beldingi, with elevated levels at emergence to promote rapid learning, and lower levels thereafter as juveniles gain weight for their first hibernation (see Sapolsky, 1992) and future studies could quantify glucose concentrations across sites throughout the active season (sensu Boonstra and McColl, 2000) .
In addition to age-related changes in glucocorticoids, variation within species as a function of strain or environment has been observed in captive and free-living animals. In laboratory rodents, differences among strains have been observed in basal glucocorticoid levels as well as in stressinduced responses (e.g. Sakaguchi et al., 1984; Anisman et al., 1998) . Birds commonly show population differences in response to stressors (e.g. climate at different latitudes or in different habitats; Wingfield et al., 1997) . I also found population differences in juvenile (Table 3 ; Fig. 2 ) and adult fecal corticoids (unpublished data). Note that differences in fecal cortisol might reflect differences in HPA regulation rather than ongoing differences in exposure to stressors, perhaps through preemergent tuning of the HPA axis (e.g. Catalani, 1997 ; see also Mateo and Holmes, 1999a) . The three sites studied here differed in ground-squirrel density, predator types and habitat quality (e.g. availability of refugia, visibility of approaching predators). Yet despite these differences, fecal corticoids did not differ significantly as a function of location after emergence (Round 1, Table 3 ), and it is unclear how the near-significant P values would change with even larger sample sizes. Significant population differences in cortisol levels were not evident until 2 weeks after emergence (Round 2, Table 3 ). Fecal corticoids were significantly higher in 2004 than 2005, but only at Rock Creek in Round 1 and Mono Co. Park in Round 2. Without accompanying behavioral data, it is difficult to interpret these differences or explain why they were not uniform across populations and developmental periods.
That cortisol appears to be elevated equally in all three populations after emergence could simply be an effect of new environmental input. Juveniles spend the first 4 weeks or so of their lives below ground in a dark, quiet burrow, interacting only with their mother and littermates (although on rare occurrence a predator or infanticidal S. beldingi might enter the burrow system). After emergence, they are exposed to bright sunlight and other novel visual input, sounds and odors from conspecifics, heterospecifics and the physical environment, and encounters with other conspecifics. Nonetheless, juveniles born and reared in captivity, and thus experiencing constant environmental input, also show elevated cortisol metabolites at the age at which they would be emerging in the field and lower levels during the following two weeks (Fig.  3) . Although both free-living and captive juveniles might be experiencing changes in social interactions (e.g. playing with littermates; Holmes and Mateo, 1998) , these would not be unpredictable stressors, and thus are unlikely to account for the increase in corticoids after emergence.
My results demonstrate that the elevated corticoids of freeliving juvenile S. beldingi at an important developmental milestone are not simply due to an individual's stressful experiences but instead reflect modulation of stress hormones across early development. This spontaneous elevation, not triggered by external events, could have evolved originally for other reasons, such as energy mobilization to promote emergence from natal burrows, similar to the glucocorticoid changes associated with fledging, dispersal or migration-related activities in birds (e.g. Heath, 1997; Belthoff and Dufty, 1998; Piersma et al., 2000 ; cf. results with spotted hyenas, Crocuta crocuta; Holekamp and Smale, 1998 ; and muriquis, Brachyteles arachnoids; Strier and Ziegler, 2000) . However, the evolutionary maintenance of higher levels at emergence might also facilitate rapid learning and memory formation. One interpretation of my results is that natural selection has favored a plastic or open program (sensu Mayr, 1974) for anti-predator behaviors, as S. beldingi inhabit a range of predator environments and thus there is no single optimal response repertoire (Mateo, 1996; Mateo and Holmes, 1999b) . In contrast, cortisol secretion around emergence follows a closed program, with levels determined by an animal's age rather than the particular environment into which it emerges. This is counter-intuitive at first, because one might expect juveniles to have populationspecific cortisol levels according to local predation pressure, which might allow them to regulate glucose and cardiovascular tone for escaping from predators and for foraging. These two behaviors must be carefully balanced after emergence because juveniles are transitioning to solid foods and are vulnerable to the increasing number of predators they attract. However, basal cortisol appears to be unrelated to the local environment at natal emergence (although acute cortisol responses may differ between populations), and this might be because very high cortisol can impair learning (e.g. Lupien and McEwen, 1997; unpublished data) . This upper limit on cortisol secretion during early development could be analogous to the stress hyporesponsive period seen in rats and perhaps humans (Sapolsky and Meaney, 1986; Gunnar and Donzella, 2002) . Our current work is investigating how these uniformly elevated levels of cortisol at emergence facilitate rapid acquisition of anti-predator behaviors during this dangerous developmental period.
Glucocorticoids are intricately involved in almost all aspects of an individual's life, including its growth and maintenance, daily rhythms, cognitive functioning and responses to stressors. Yet little is known about the functions of adrenal hormones across development, particularly agerelated changes associated with major transitions such as weaning, fledging, dispersal or puberty. In addition, early experiences can have lasting behavioral and physiological effects which can even be transmitted non-genetically across generations (e.g. Meaney, 2001) . Because these early experiences can influence survival and reproduction, it is important that we gain an understanding of how social and ecological variables influence HPA functioning. The results presented here suggest that stress hormones of S. beldingi might influence (and might be influenced by) natural selection, with cortisol levels elevated at natal emergence, perhaps to facilitate movement through and emergence from the burrow system and, secondarily, to facilitate learning, whereas levels are population-specific at later ages, likely corresponding to local levels of predation pressure. With the increasing application of non-invasive hormonal sampling, more researchers can investigate ecologically relevant age, sex or population effects on adrenal functioning.
